This study illustrates the mechanisms linking national saving and economic growth, with the purpose of understanding the possibilities and limits of a savingbased growth agenda in the context of the Egyptian economy. This is done through a simple theoretical model, calibrated to fit the Egyptian economy, and simulated to explore different potential scenarios. The main conclusion is that if the Egyptian economy does not experience progress in productivity-stemming from technological innovation, improved public management, and private-sector reforms-then a high rate of economic growth is not feasible at current rates of national saving and would require a saving effort that This paper is a product of the Macroeconomics and Growth Team, Development Research Group. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at chevia@worldbank.org or nloayza@worldbank.org. is highly unrealistic. For instance, financing a constant 4 percent growth rate of gross domestic product per capita with no improvement in total factor productivity would require a national saving rate of around 50 percent in the first decade and 80 percent in 25 years. However, if productivity rises, sustaining and improving high rates of economic growth becomes viable. Following the previous example, a 2 percent growth rate of total factor productivity would allow a 4 percent growth rate of gross domestic product per capita with national saving rate in the realistic range of 20-25 percent of gross domestic product. Figure 1 ).
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The relationship between national saving and economic growth is quantitatively strong and robust to different types of data and methodologies (see Mankiw et al. 1992 , Attanasio et al. 2000 , and Banerjee and Duflo 2005 . Countries that have high saving rates for long periods of time tend to experience large and sustained economic growth. A prime example is the experience of the developing countries in East Asia, such as China, Singapore, Korea, Malaysia, Thailand, and Taiwan (see Young 1995 and Figure 1 ).
Figure 1: Saving and Growth
Average , 1980-2008 It is only understandable, therefore, that goals to increase economic growth usually refer back to concerns for raising national saving. In the last decades Egypt has been above the typical (or median) country in the world regarding both growth and saving. Its development aspirations, however, require a stronger performance on both accounts. , 1980-2008 To be sure, some of the relationship between growth and saving reflects the positive impact that higher income has on improved saving (see Loayza et al. 2000) . However, no less important is the causality that runs from higher saving to larger growth, where the mechanism resides on the well-known process of capital accumulation. Improved national saving provides the funds to take advantage of more and larger investment opportunities. This, in turn, increases the capital stock, which effectively used for economic production contributes to higher output growth. Although in theory domestic investment does not have to be supported by national saving, in practice the connection between the two is quite close. This is especially true in the long run, when external sources of funds can be tapped only in a restricted manner:
large current account deficits cannot be sustained indefinitely. This is exemplified by the strong relationship between the average saving and investment rates across countries in the last three decades, as depicted in Figure 2 . Mirroring its saving-growth situation, Egypt conforms to the cross-country pattern regarding the relationship between saving and investment. The links in the relationship between saving and growth are not, however, mechanical but depend on the 25%   30%   35%   40%   45%   0%  5%  10%  15%  20%  25%  30%  35%  40%  45%  50% Investment Rate (%GDP) National Saving Rate (%GDP) 4 quality of the financial system and public institutions in general. Without an efficient financial system, the best investment opportunities will not be matched with the available saving (see Levine 2005) . Likewise, without proper public institutions (that guarantee macroeconomic stability and contract enforcement, for instance), accumulated capital may remain idle or ineffectively used (see Hall and Jones 1999 and Easterly and Levine 2001) . This points out to the crucial importance of the efficiency or productivity with which physical capital, human capital, and labor are used in the production process. The growth of factor productivity is what in the end determines whether a saving and investment effort will result (or not) in improved economic growth.
The objective of this study is to illustrate the mechanisms linking national saving and economic growth in Egypt. We will do this through a simple theoretical model, calibrated to fit the Egyptian economy, and simulated to explore different potential scenarios. Our goal is to understand the two-way connection between saving and growth and the possibilities and limits of a saving-based growth agenda, in the context of the Egyptian economy.
Optimality of saving behavior can be posed from different angles. The most common in the academic literature is the perspective of optimal saving as the behavior that maximizes a consumer welfare function. This, however, may be too abstract for the needs and objectives of policy practitioners. For this reason, we pose the problem of optimal saving from the perspective of financing a given rate of economic growth while simultaneously achieving external sustainability. First, we present the basic elements of a simple model, constructed with the purpose of understanding optimal saving from this perspective. Next, we calibrate the model to the Egyptian economy, using parameters and relationships obtained in the received literature for the country. Using the calibrated model, we perform some simulations that clarify the relationship between saving, productivity, and growth, allowing us to discuss policy options for improving economic growth in Egypt.
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A Simple Model
We consider a model of an open economy with a single sector that produces a unique final good which we call 'gross domestic product' or, simply, output. The economy evolves in discrete time and each time period, denoted by an index , represents one year.
We assume that the economy has access to a technology to produce output by combining capital and labor inputs according to the production function (1) where denotes output, is the stock of physical capital, denotes the amount of effective labor input, is a measure of the level productivity of capital and labor, and the technology parameter 0,1 measures the relative contribution of capital to the production of output-in a competitive economy, the parameter coincides with the share of output distributed as payments to capital.
We abstract from distributional issues and assume that labor is homogeneous across the population. Following Bils and Klenow (2000) and Hall and Jones (1999) we assume that each worker has been trained with years of schooling, which delivers productivity per worker. Thus, effective labor is given by ,
where denotes the total number of workers. In this specification, measures the relative efficiency of a worker with years of schooling relative to one with no schooling.
Capital depreciates at a constant rate between time periods, but can be augmented through investment. Namely, the stock of capital evolves according to 1
where denotes aggregate investment.
Abstracting from valuation changes, the current account deficit at period , , is defined as the change in net foreign liabilities of the whole economy; that is, , 
That is, domestic investment can be financed through national saving or through external borrowing (i.e. foreign saving).
External solvency requires that the current value of foreign liabilities be no larger than the present value of net exports, and can be obtained by iterating forward on the current account identity (4); namely,
This solvency condition imposes certain assumptions about the functioning of international capital markets that are difficult to reconcile with the experience of emerging market economies. In particular, it fails to capture the financial frictions that are pervasive in developing countries. For this reason, we follow Milesi-Ferretti and Razin (1996) and impose a sufficient condition for current account sustainability that is also appealing in terms of its realism.
We assume that the economy is required to maintain the ratio of foreign debt to gross domestic product constant; namely, that for all .
This constraint can be due to the reluctance of foreigners to lend money when the level of debt is sufficiently high, or because the government wants to maintain a safe level of foreign borrowing relative to output. 1 Historically, workers' remittances and official grants to Egypt have been an important fraction of GDP, averaging about 5% in the present decade. 2 Alternatively, we could assume that the interest rate that the country pays on its foreign debt, , depends on the difference between the actual and some target level of the debt-to-GDP ratio. With this modification, there is an endogenous risk premium that induces the debt-to-GDP ratio to converge to the target value in the long run Using the definition of the current account, the last constraint imposes the following restriction on the current account deficit as a fraction of gross domestic output,
That is, the ratio of the current account deficit to the value of output depends upon the net foreign liabilities as a fraction of GDP, , and on the growth rate of output, / . For example, if the economy is a net borrower ( 0) and contemplates growing ( ), then it must necessarily run a current account deficit.
We find it convenient to rewrite all previous equations in per-worker terms. Introducing the definition of effective labor (2) into the production function (1) and dividing the resulting expression by gives (8) where / denotes output per worker and / is capital per worker. More generally, throughout the paper lowercase letters are used to denote variable in per-worker terms.
Following the same approach, we write the equilibrium equations (3), (5), and (7) in perworker terms,
,
and 1 1 1 .
where / 1 denotes the growth rate of the workforce between periods and
1. More generally, we denote by the (net) growth rate between periods and 1 of any variable .
(Scmitt-Grohé and Uribe 2003). Because of this fact, we conjecture that the main message of the paper is the same in the alternative model.
8
We now use the previous equations to write a condition that relates saving and growth.
First, we use the production function (8) at periods and 1 to write the growth rate in output per worker as
That is, the (gross) growth rate of output 1 depends upon the growth rate of productivity 1 , the growth rate of the stock of capital 1 , and the growth rate of human capital .
Second, introducing the investment-saving equation (10) into the capital accumulation equation (9) and rearranging gives
This equation describes the growth rate of the stock of capital per worker as a function of the growth rate of the workforce , the depreciation rate , the national saving ratio with respect to output / , the current account deficit as a fraction of GDP / , and the degree of capital deepening in the economy / .
Imposing the sustainability condition (11) into the last equation, the evolution of the stock of capital becomes
where / denotes the national saving ratio with respect to GDP.
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We use equation (14) in our numerical experiments.
To understand the implications of the previous equation, we take logarithms and use the approximations log 1 for small and 0 for small and to write (14) as
.
Solving for the growth rate of output gives
This equation shows that output growth is positively associated with the national saving ratio and with the growth rate in productivity, the workforce, and human capital. As the economy grows, however, the capital-GDP ratio / changes as well. Therefore, the level of saving required to finance a given growth rate in output per worker varies through time.
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Model Calibration
We use the relationship imbedded in equation (14) to illustrate the mechanisms linking saving and growth applied to the Egyptian economy. The first step is to use information specifically related to Egypt to calibrate the model. The main pieces of information are the following,  The current capital-output ratio: / = 2.6. This is the ratio estimated for the year 2008, using the methodology and basic information from Loayza and Honorati (2007) . This paper applies the perpetual inventory method to accumulate investment in order to produce a measure of the capital stock. For this purpose, it uses a depreciation rate of 0.04, consistent with that used in this study (see below).
 The capital share in output: = 0.5. This is an average of the most sensible estimates available. Using time-series analysis, Loayza and Honorati (2007) estimate the capital share in Egypt to be 0.35. This is also the average across countries that Bernanke and Gürkaynak (2002) obtain using factor payment data from national accounts. Herrera (2009) Productivity Scenarios. A key parameter in the simulations presented below is the rate of growth of total factor productivity, . The available estimated rates of TFP growth in Egypt vary according to the period under consideration and the method of estimation (see Herrera 2009, and Honorati 2007) . They approximately range from -1.5% to 2.5%, with the 11 extreme rates lasting for short periods of time. Our goal here is to establish what a reasonable range is for TFP growth for long periods of time (say 25 years, the simulation horizon). On the one hand, it is difficult to understand how TFP growth rates can be negative for a sustained period of time, unless there is prolonged macroeconomic disarray (e.g., hyper-inflation, civil conflict, or systemic financial crisis). In times of socio-economic stability, a reasonable lower bound for TFP growth rate is 0, representing lack of progress. On the other hand, it is also difficult to accept long-run TFP growth rates that exceed those that the highest growing countries have been able to achieve for a sustained period of time. According to the TFP growth estimates presented in Bernanke and Gürkaynak (2002) , only the top five percent of countries in the world have been able to achieve an average growth rate of TFP around 2%
during the period 1965-1995. This, then, seems to be a reasonable upper bound for TFP growth for a sustained period of time in Egypt. In the simulations that follow, we will consider three scenarios: Pessimistic, Moderate, and Optimistic, depending on whether the TFP growth rate is 0%, 1%, or 2%, respectively.
Simulations of the Model
Using the model developed above and the calibration parameters, we can perform different numerical exercises to give answers and insights regarding the link between saving, investment, and growth. We perform two basic, complementary simulations. The first one is designed to measure the saving rates that are required to finance a given rate of economic growth. This rate is set to 4% of GDP growth per worker. Although ambitious from historical and cross-country perspectives, this rate corresponds to the average that Egypt has been able to obtain in the last 3 years and approaches the rate that policy makers set as target for the country. The second simulation changes perspectives and asks what economic growth rates can be financed if the saving rate is fixed at a given level. This is set to 20% of national saving with respect to GDP. It is a realistic rate, corresponding to the average Egypt has been able to achieve in the last few years.
Both simulations are dynamic in the sense that they follow the evolution of the economy for an extended period of time, chosen to be 25 years in our case. Also in both cases, 12 we compute the corresponding Solow growth decomposition in order to understand the role played by factor accumulation and productivity advances in the process of economic growth.
As mentioned in the previous section, the simulations are performed under three scenarios regarding the behavior of total factor productivity. Respectively, TFP growth is assumed to be 0%, 1%, 2%, and the corresponding scenarios are labeled, pessimistic, moderate, and optimistic. The simulation results are presented in Figures 3, 4 , and 5. In each of them, the upper panel corresponds to the simulation where the growth rate of GDP per worker is fixed and the saving rate changes to obtain such growth; and, conversely, the lower panel shows the simulation where the saving rate is fixed and economic growth changes in reaction to it.
Let us start with the pessimistic scenario of lack of progress in total factor productivity The second simulation under the moderate scenario shows the behavior of GDP per worker growth when national saving stays at the current level of 20% of GDP. Given TFP growth of 1%, the growth rate of GDP per worker is expected to rise gradually from about 1.9% to 2.3% in the 25 years of the simulation period. In contrast to the case of zero TFP growth, when TFP grows even moderately the same rate of national saving leads not only to higher but also to increasing GDP per worker growth. TFP growth alleviates the restriction of foreign saving, producing a level of investment rate of 1 percentage point of GDP higher than national saving (and 6 p.p. higher than domestic saving). Moreover, TFP growth reduces the pressure of diminishing capital returns, which combined with higher investment leads to an expansion of the contribution that capital accumulation makes for output growth (see the Solow growth decomposition on the right of the lower panel).
Finally, let us consider the optimistic case, where TFP grows at a 2% rate ( Figure 5 ).
According to the first simulation (upper panel), the required saving rates to finance a 4% GDP growth per worker is only slightly higher than current averages. National saving would need to rise to about 24% of GDP and then gradually decrease to 21%, meaning that the same growth target can be financed with lower saving effort over time. As the Solow growth decomposition shows, now half the contribution to GDP per worker growth comes from TFP. It is this impulse which relieves the pressure on capital accumulation which can now take second stage on the generation of economic growth.
The second simulation under high TFP growth indicates that GDP per worker growth will start strong and increase even further, from 3 to 4% in the 25 years of the simulation horizon. This is achieved even maintaining the national saving rate at the current level of 20% of GDP.
As the Solow growth decomposition shows, the contribution of capital accumulation actually grows over time, from about 20% to 40% of economic growth. More strongly than in the moderate case, the growth of TFP allows higher participation of foreign saving (and thus larger investment rate), produces higher level of national saving, and alleviates the pressure of decreasing capital marginal productivity. 
Robustness to Changes in Parameters
The quantitative predictions of our model depend on the calibrated parameter values.
In this section we compute some robustness exercises by changing some parameters that are difficult to measure or subject to controversy. In particular, we consider changes in , the capital share in output; in , the depreciation rate of capital; and in , the targeted level of foreign liabilities as percentage of GDP. Tables 1 and 2 present the results of these experiments, along with those corresponding to the benchmark calibration. Consider first the capital share in output. Reliable estimates of require reliable estimates of national account data on employee compensation. Gollin (2002) and Bernanke and Gürkaynak (2002) argue that, in many developing countries, series on employee compensation substantially understate the labor share in output because of the large number of selfemployed workers or employees working outside the corporate sector. Adjusting these series with complementary data, these authors find that, in those countries for which these adjustments can be made, the capital share in output is about one third, consistent with the values obtained in developed countries.
In our benchmark calibration, the capital share in output was set equal to 0.5, which is an average of available Egypt-specific estimates. We now check the robustness of our results using 0.35, a value more aligned with the international evidence cited above. Under the new calibration, the main message of the paper is, in fact, reinforced. Take, for example, the economy with moderate TFP growth in Table 1 . The required national saving rate to finance 4 percent of GDP per capita growth increases to 41 percent in five years, 49 percent in 10 years, and 81 percent in 25 years. These rates are substantially larger than those obtained under the baseline calibration. Likewise, Table 2 shows that when the capital share in output decreases, projected growth rates decrease as well over the next 25 years relative to the baseline 19 calibration. The intuition for this result is as follows. As the capital share in output decreases, the contribution of capital to total output decreases as well. Thus, if growth is to be sustained through capital accumulation alone (instead of productivity growth), investment must increase at a substantially higher rate, inducing a higher burden on domestic saving. The need to increase productivity to achieve growth is even more important when decreases relative to the baseline calibration. National saving rate over time (% of GDP)
points. As above, our results are reinforced with the new calibration. Table 1 shows that, for any degree of TFP growth, national saving rates required to finance a growth rate of GDP per capita of 4 percent invariably increases as increases from 0.04 to 0.06. Likewise, Table 2 shows that, given a level of TFP growth, projected per-capita GDP growth rates are lower when the depreciation rate increases. In effect, as increases, a larger fraction of capital depreciates from year to year. Thus, if GDP growth rates are to remain constant-as the exercises in Table 1 assume-the investment rate must increase to maintain the same growth rate in the stock of capital. Given TFP, this can be achieved only through an increase in national saving. Likewise, if the national saving rate remains constant, increasing the depreciation rate induces lower capital accumulation and, therefore, a lower GDP per-capita growth (Table 2) . 
Consider finally an increase in the targeted value of foreign debt as a fraction of GDP, .
In the baseline calibration we chose 0.2 to match historical evidence in Egypt. But 20 percent of GDP of foreign debt is somewhat low based on the international evidence. By increasing the targeted level of debt to GDP ratio, Egypt could reduce the dependence on national saving and rely more on foreign saving to finance its domestic investment. Thus, in the final experiment we assume that increases from 20 percent of GDP to 40 percent of GDP.
While, in effect, a larger fraction of domestic investment can be financed by foreign investors, we find this effect to be quantitatively small. Consider, for example, the moderate TFP growth scenario in Table 1 . While it is true that the required national saving decreases when doubles, these declines are small: in a 25 year span, the difference between domestic saving rates under the baseline calibration relative to the higher debt calibration never exceeds 2 percentage points. Similarly, if the national saving rate is fixed at 20 percent of GDP (Table 2 ), projected growth rates are very similar when compared to those in the baseline calibration.
In summary, we performed a number of robustness checks relative to some parameters that are difficult to calibrate or subject to controversy: the capital share in output, the depreciation rate of capital, and the targeted level of foreign debt to GDP. In all cases, our main message remains intact: a growth agenda based on increasing national saving alone is not sustainable; a successful development strategy requires large and persistent increases in productivity.
Conclusions, Policy Implications, and Potential Extensions
With an average per capita GDP growth rate of 3% in the last five decades, Egypt has been in the top 25% of all countries around the world. This remarkable growth performance has been enabled by major private and public investment and, at certain times, by significant productivity gains. 5 This process would not have occurred if national saving had not been up to standards. In fact, Egypt's national saving rate was well above that of the median country in the world in average since the 1960s. However, since the 1990s, Egypt's national saving rate has stopped increasing and has fluctuated around 20% of GDP. For Egypt's high development aspirations to have any plausible chance to be met, they require a stronger performance on both economic growth and national saving.
The objective of this paper has been to understand the interconnection between saving and growth and the possibilities and limits of a saving-based growth agenda in Egypt. Tables 3   and 4 summarize the results obtained in the paper. The first shows the required saving rate to finance a GDP per capita growth rate of 4%, while the second presents the projected growth rate if national saving rate remains at 20% of GDP. Table 3 . Required saving rate to finance 4% per capita GDP growth Our main conclusion is that if the Egyptian economy does not experience progress in productivity-stemming from technological innovation, improved public management, and private-sector reforms-, then a high rate of economic growth is not feasible at current rates of national saving and would require a saving effort that is highly unrealistic. However, if productivity starts to rise to at least moderate levels, sustaining and improving high rates of economic growth becomes viable. For the goal of achieving high economic growth, the national saving effort can only realistically be alleviated by forceful and purposeful productivity improvements.
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The following describes a number of policy measures and reforms that could be implemented to foster sustained productivity growth in Egypt. These measures broadly fall 6 In any case, increasing the national saving rate is still a desirable objective. Hevia, Ikeda, and Loayza (2010) discuss policy measures targeted at increasing national saving independently of productivity. In light of the above evidence-and, more generally, worldwide evidence-it is expected that continuing with the privatization effort is likely to promote significant productivity gains.
Analysis of firm-level data shows that Egypt has experienced substantial progress in labor and total factor productivity between 2004 (World Bank 2009 Related to the above discussion, the improvement in credibility and policy predictability would not only have a positive impact on the efficiency of existing firms and the entrance of new firms, but also on the ability to borrow in international financial markets without creating concerns about debt sustainability. Being able to safely borrow in foreign capital marketspreferably in the form of FDI or portfolio equity-increases the rate of capital accumulation and allows the country to catch-up faster with richer countries.
In addition, more effort should be devoted to improving public infrastructure, preferably through changes in the composition of public expenditures and increased private sector participation. In effect, since the mid-1990s infrastructure investment has suffered a substantial decline-mostly due to lower public investment. While the current level of infrastructure in Egypt is what is expected given its national income, the low level of investment is unlikely to sustain the current stock of infrastructure given its natural depreciation and aging.
Estimates in Loayza and Odawara (2010) suggest that increasing infrastructure investment from 5 to 6 percentage points of GDP is expected to raise the annual per capita growth rate of GDP by about 0.5 percentage points in the medium term and about 1 percentage points in the long run. Moreover, if the increase in infrastructure investment does not imply a heavier tax burden, the increase in growth would be substantially larger. Because infrastructure and other factors of production complement each other, an increase in infrastructure investment is expected to increase the productivity of physical capital and labor. In effect, in the light of our simple model, an increase in the level of infrastructure is immediately reflected as an increase in total factor productivity. It should be noted, however, that increasing infrastructure investment does not necessarily means building new roads or new telephone lines. The maintenance and improvement in the current infrastructure should also be amply beneficial.
Finally on productivity improvements, increasing the efficiency of the financial system is necessary to allocate actual saving to their more efficient uses (Levine 2005) . Better and more 25 competitive financial institutions are a necessary step toward that direction. Likewise, providing households with new financial instruments to channel their saving through the financial system is also necessary. In effect, while saving in the form of precious metals (e.g. gold) or durables goods (e.g. cattle) serves its purpose as a store of value, it does not provide the financial system with the needed funds to finance new productive activities.
The model, calibration, and simulation presented in the paper provide a stylized analytical tool to examine the possibilities and limitations of a saving-based growth agenda. In our view, it focuses on the most relevant issues for the current Egyptian experience. Although it may be applicable to other countries and contexts, various extensions would surely be needed to accommodate specific cases. A richer model would take into account, among other things, the disaggregation of savings into its public and private components and the relationship between the two; the behavioral response of private savings to changes in income, demographic structure, and economic uncertainty; and the changing nature of external solvency in the presence of concessional borrowing, international financial shocks, or financial deepening. This we leave for future work.
